Abstract. Breast cancer has a major impact on the health of women worldwide. In the Kingdom of Saudi Arabia (KSA), breast cancer incidence is on the increase and is characterized by early onset and aggressiveness. Owing to the importance of the TP53 gene in breast carcinogenesis, we analyzed the possible link between TP53 single nucleotide polymorphisms (SNPs) and the risk of breast cancer in Saudi women by direct sequencing of the TP53 gene exon 4 from 100 breast cancer tissues. The proportion of the polymorphic forms of SNP72 in the Saudi breast cancer patients were: Arg/Arg (RR), 39%; Pro/Pro (PP), 36%; and Arg/Pro (RP), 25%. The frequencies of these forms in disease-free Saudi women were 7.59, 22.22 and 60.19%, respectively. This indicates that the RR form of the codon 72 polymorphism is a potential risk factor, whereas the RP form is a protection factor against breast cancer among Saudi women (p=0.0001). Moreover, the results have shown that the p53 R72P SNP is significantly associated with the early onset of breast cancer in the Saudi population (p=0.0138). However, the codon 47 polymorphism appears to have no role in this disease among Saudi women. These results indicate that the TP53 gene could play a major role in breast carcinogenesis and the early onset of the disease among Saudi women.
Introduction
Breast cancer is the most common malignancy and the leading cause of cancer mortality among women, accounting for 23% of the total cancer cases and 14% of the cancer mortalities worldwide in 2008 (1) . In the Saudi population, which is young with more than 50% aged less than 20 years, most of the breast cancer cases are diagnosed at an early age (2) . According to the 2002 annual report of the Saudi National Cancer Registry, breast cancers that developed prior to the age of 40 comprise 26.4% of all female breast cancers, compared with 6.5% in the USA. It has been revealed that being aged 40 years or younger is an independent risk factor for relapse in operable Saudi breast cancer patients, indicating that early onset is a serious clinical problem in this population (3) . Different types of genetic and epigenetic alterations as well as polymorphisms are significant in the stepwise development of breast neoplasms. The TP53 gene is the most frequently altered gene in human cancer, including breast carcinoma (4) . This tumor suppressor gene is a multifunctional tetrameric transcription factor involved in the control of cell cycle progression, DNA repair, apoptosis and senescence (5) .
In addition to genetic mutations, breast cancer prognosis may also be affected by TP53 single nucleotide polymorphisms (SNPs) that are involved in DNA damage control and repair. Among the polymorphisms reported in the TP53 coding region, only two alter the amino acid sequence; SNPs 72 and 47 (6-7). The codon 72 polymorphism, the most common SNP in the TP53 gene, occurs in the non-conserved proline-rich region of exon 4 (8) (9) . This polymorphism encodes either arginine (CGC) or proline (CCC) leading to three variant forms: Arg/Arg, Arg/Pro and Pro/Pro (RR, RP and PP, respectively) (9-10). A meta-analysis has revealed statistically significant differences in the frequencies of the two alleles among healthy individuals (the frequency of the Pro allele is 17% in Sweden and 63% in Nigeria) (8) and among ethnic groups (the Pro allele frequency is approximately 60% in African Americans, but 30-35% in Caucasian Americans) (11) . Previous studies have shown that this common polymorphism is involved in modulating p53 apoptotic function, and as such it may affect the response to chemotherapy (9) .
The codon 47 polymorphism, a rare TP53 SNP also located in exon 4, substitutes the wild-type proline (CCG) with serine (TCG) in a small subset of individuals (8, 11) . The frequency of this polymorphism also varies among ethnic groups (the allele frequency is approximately 5% in African Americans, while it is not found in Caucasian Americans) (12 R72P SNP, the codon 47 polymorphism is also functionally significant due to its importance in the transactivation of the pro-apoptotic target genes of the p53 protein (13) . Therefore, the p53 P47S SNP may influence the risk and progression of cancer and the efficiency of therapy (6, 13) .
In the present study, we investigated the possible impact of the codon 72 and 47 polymorphisms on breast cancer risk and the early onset of this disease among Saudi women.
p53 is a tumor suppressor gene that plays a significant roles in the etiology of breast cancer. In addition to mutations, several SNPs have also been revealed to modulate p53 function and are therefore thought to be risk factors for numerous types of cancer, including mammary carcinomas.
Materials and methods

Samples.
A total of 100 invasive ductal carcinoma tumor tissues were collected from Saudi women. The experimental protocol was approved by the Institutional Basic Research and Ethics Protocol Committees (RAC proposal no. 2040037), and signed informed consent was obtained from all the enrolled patients. The age of these patients at the time of diagnosis ranged from 22 to 80 years (median, 51 years). As controls, 108 fresh blood samples (5 ml) were collected from healthy Saudi women. The age of the controls ranged from 17 to 76 years (median, 46.5 years).
Ten tissue sections of 30 µm were collected from each breast cancer tissue sample using Microm HM-550 and transferred to a 1.5 ml microtube. The collected breast tumor samples were then stored at -80˚C until required for analysis. The blood samples were analyzed immediately following collection.
DNA amplification and sequencing. Genomic DNA was purified using the Gentra Puregen kit (Gentra Puregen for blood and tissue kit, cat. no D-50K1-4) according to the manufacturer's instructions. Standard PCR was performed to amplify exon 4 of the TP53 gene, using the HotStar Taq polymerase kit (Qiagen, Chatsworth, CA, USA). The primer set used for this amplification was: forward, 5'-TGA GGA CCT GGT CCT CTG AC-3'; and reverse, 5'-CGG CCA GGC ATT GAA GTC TC-3'. Each PCR reaction was preformed in a total volume of 25 µl containing 4 ng genomic DNA, 0.04 units Taq DNA polymerase, 0.5 mM dNTPs, 1 mM primers and 1.5 mM MgCl 2 . A 370-bp fragment was amplified using a PCR program starting with a denaturation step of 10 min at 94˚C, followed by 35 cycles of 45 sec at 94˚C, 45 sec at 62˚C, 45 sec at 72˚C and followed by a final extension step of 10 min at 72˚C. The PCR products were directly sequenced using ABI Prism BigDye Terminator v3.1 cycle sequencing kit. Asymmetric PCR was performed as described for the standard PCR, with either the forward or reverse primer. The unincorporated dye-labeled terminators were removed using the DyeEx 96 kit. Finally, the reaction product was resuspended in a formamide loading buffer and then separated and detected in the ABI 3730 x1 DNA analyzer (Applied Biosystems, Foster City, CA, USA). The analysis of the obtained sequence was performed using the GeneBank database, NT_010718.
Statistical analysis. Statistical analysis was carried out using the SPSS program version 17 and the Chi-square test. P≤0.05 was considered to indicate a statistically significant result.
Results
p53 codon 72 genotype is associated with a risk of breast cancer. The p53 codon 72 genotype was determined by sequencing exon 4 from 100 breast cancer tissues and 108 blood samples from healthy women. Table I shows that the proportion of the polymorphic forms of SNP72 in the Saudi breast cancer patients were: RR, 39%; PP, 36%; and RP, 25%. The frequencies of these forms in disease-free Saudi women were 17.59, 22.22 and 60.19%, respectively. This result shows that the RR genotype is more prevalent in breast cancer patients, while the RP genotype is more abundant among normal controls. However, allele frequencies did not differ significantly between the patients and the controls. The Arg allele frequency was 47.7 and 51.1% in the controls and the patients, respectively, whereas the frequencies of the corresponding Pro allele were 52 and 48.5%, respectively.
A statistically significant association was found between SNP72 and risk of breast cancer (p=0.0001). The RP genotype had an association with protection against breast cancer, whereas the RR genotype was associated with breast cancer in the Saudi population (Table I) .
Association between p53 codon 72 polymorphism and the age of Saudi breast cancer patients. To investigate whether the TP53 codon 72 polymorphism is associated with the early onset of breast cancer in Saudi women, the age of the patients was compared with the polymorphic forms of SNP72 (Table II) . The RR genotype was more prevalent in older breast cancer patients (≤50 years) as compared with young patients (>50 years), with 53.1 and 33.3%, respectively. The RP Table I . Frequencies of the TP53 codon 72 polymorphic forms among Saudi breast cancer patients and a control group. 
SNP72 polymorphic forms ----------------------------------------------------------------------------------------------------------
The p53 codon 47 polymorphism reveals no association with sporadic breast cancer in Saudi patients.
The codon 47 SNP is located in exon 4. This codon encodes either proline, when the sequence is CCG, or serine, when the sequence is TCG. In this study, all sequenced DNA (100%) was found to carry the wild-type sequence CCG (proline) at codon 47.
Discussion
The association between the p53 codon 72 polymorphism and breast cancer risk was studied in different populations, yielding conflicting results (14) . In the present study, we investigated this association in the Saudi population and found that, while the RP genotype is the most abundant among healthy women (60.19%), its prevalence is the lowest among women with breast cancer (25%), suggesting that this genotype is a protection factor against breast cancer in the Saudi population. By contrast, the frequency of the p53 RR form was higher in the breast cancer patients than in the controls, with 39 and 17.6%, respectively, suggesting that the RR genotype is a potential risk factor for breast tumorigenesis among Saudi women. A statistically significant association was found between SNP72 and breast cancer risk in the Saudi population (p=0.0001). These results are in agreement with other published data, which reported a marked association between the RR form of SNP72 and breast cancer risk (15) (16) . Similar results have also been reported regarding cervical cancer (17) . Furthermore, Alawadi et al and a recent meta-analysis showed the PP genotype to be associated with decreased breast cancer risk among the Kuwaiti and Indian populations, respectively (14, 18) . However, Dumont et al found that the proline variant is associated with an increased risk of breast cancer (19) . By contrast, other studies did not observe any association between the TP53 codon 72 polymorphism and breast cancer risk (20) (21) (22) . Similarly, the most recent meta-analysis indicated that the codon 72 polymorphism may not be associated with breast cancer risk in a Caucasian population. However, previous meta-analyses concerning the p53 codon 72 polymorphism also revealed conflicting results (23) (24) (25) (26) . The precise reasons for this discrepancy remained to be elucidated (8, 11) . One possibility is that the effect of this polymorphism varies according to the genetic background of the studied population. Francisco et al suggested that ethnicity and histological and anatomical sites modulate the penetrance of R72P in cancer susceptibility (26) . The other possibility includes the size of the studied population and stringent levels of statistical significance (7) . The presence of unknown variables that are not presently controlled in such studies may also be a reason for discrepancy.
Results of this study have shown a statistically significant association between the TP53 codon 72 polymorphism and the age of Saudi breast cancer patients (p=0.0138). The RP form is more frequent in young breast cancer patients compared with older patients (33.3 and 6.25%, respectively). Previously, it was reported that there is an association between the codon 72 polymorphism and the early onset of cancer, particularly with the PP form of SNP72 (11) . However, no study exists regarding an association between this polymorphism and breast cancer. By contrast, certain studies found no association between this SNP and the age of onset of breast cancer in the Chinese (22) , Japanese (10) and Iranian populations (20) . The reason for this discrepancy may be population-dependent, for example other genetic or environmental factors.
Findings of recent studies have shown that the rare TP53 codon 47 polymorphism may also be involved in cancer risk, cancer progression and the effectiveness of therapy. However, only small numbers of studies have been performed on SNP47 and its association with cancer due to the low frequency of this polymorphism (11) . In the present study, it was found that 100% of the Saudi women involved in the study carried the wild-type sequence CCG (proline) at codon 47 of the TP53 gene. Similar results were reported in the Kuwaiti population, wherein the the codon 47 variant was detected in only one patient and none of the controls (18) . Therefore, the rare sequence TCG (serine) of SNP47, which is thought to reduce the p53 apoptosis ability 5-fold as compared with the wild-type p53 proline 47 (7), is extremely rare or non-existent in the Saudi Arab population. This indicates that there is no association between the TP53 SNP47 and breast cancer in the Saudi population.
In conclusion, findings of the present study have shown that the RR form of SNP72 is a potential risk factor, while the RP Table II . Association between the TP53 codon 72 polymorphic forms and the age of Saudi breast cancer patients.
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patients ( form is a protection factor against breast cancer among Saudi women. Moreover, the RP form is more prevalent among young (<50 years) Saudi breast cancer patients compared with older (≥50 years) patients (33 and 6%, respectively; p=0.0138). These results indicate that SNP72 is markedly associated with both the risk and early onset of breast cancer in the Saudi population. We have also found that 100% of the Saudi women in this study carried the wild-type proline at codon 47. Thus, the codon 72 polymorphism is markedly associated with the risk and early onset of breast cancer, whereas the codon 47 polymorphism has no impact on breast cancer in the Saudi population.
